The purpose of this paper was the determination of the uncertainty models of reference material properties and [1] strength class of Nigerian Grown Terminalia ivorensis timber, so that it can be used in structures designed based on the Eurocode 5. The test data were analysed using Easyfit® statistical package. The uncertainty models (Coefficients of Variation and Distribution models) of the reference material properties (density, bending strength and modulus of elasticity) were determined. The coefficient of variation of the density, modulus of elasticity and bending strength were found to be 15%, 21% and 16% respectively. The mean values of the density, modulus of elasticity and the bending strengths were determined at moisture contents of 17.93%. The values were adjusted to 12% moisture content for the determination of the strength class according to [1] . Five standard probability distribution models (Normal, Lognormal, Gumbel, Weibull and Frechet) were fitted to each of the three reference material properties using Kolmogorov Smirnov probability distribution fitting technique. The best fit theoretical distribution models were found to be Normal distribution for Density, Lognormal distribution for Modulus of Elasticity and Weibull for Bending Strength. The Terminalia ivorensis timber specie was also classified as D18 in accordance with [1] specification. The uncertainty models will facilitate the application of reliability based approach in the design of timber structures with Terminalia ivorensis. Also Terminalia ivorensis can now be used for construction of structural timber designed based on Eurocode 5 since its strength class is now established.
Introduction
Recently, the use of timber structures has increased in the construction industry due to attributed advantages such as environmentally friendly nature of timber, fully renewable potential and low handling costs [2] . Timber is widely available natural resources throughout the world, which with properly managed wood plantation, there is potential for continuous and sustainable supply of raw timber materials. In addition, it exhibits unique material properties; it is a light weight material and, compared to its weight, the strength is high; the strength/weight ratio is even higher than for steel that is why it is used widely as a structural material for roofing system and pedestrian or bicycle bridges. Also it has low modulus of elasticity compared to concrete and steel [3] , this implies low stiffness capacity and consequent poor resistance to deflection in service. The mentioned attributes among others, gave rise to the acceptance of timber worldwide as building material that can compete stiffly with the conventional/popular concrete and steel in the arena of the building industry with considerable advantages of low embodied energy, low carbon impact, and sustainability.
The current Nigerian Code of Practice for design of timber structures in Nigeria [4] is based on permissible stress method based on [5] that was withdrawn in the late 70s and replaced with [6] . The [6] itself passed through several revisions and completely withdrawn since March, 2010. This implied that [6] would never be update. The implication is that the [4] is now left without basis for further revision. To design timber structures in Nigeria in line with the current global best practices for timber structural design, our design criteria must therefore be shifted to the most recent approach. Since design of Engineering structures in Nigeria are generally based on the British standards, and the current British standard for design of timber structures is the [7] which is based on the limit state design philosophy, there is therefore the need to adopt the [7] in Nigeria. The use of a particular timber species for design of timber structures according to [7] , requires determination of its appropriate [1] strength class. Likewise, to further accommodate uncertainties in material properties in the design of timber structures, there is therefore the need to establish their statistical properties (Mean, Standard Deviation, Coefficient of Variation and the appropriate theoretical distribution model). Timber is an efficient building material, not only in regard to its mechanical properties but also because it is a highly sustainable material. It is considered a sustainable building material because it is derived from a renewable source and has a low embodied energy [8] [9] [10] . Embodied energy reflects the minimal nonrenewable energy used in the production of timber and its application in construction. It has sound thermal properties, meaning that timber structures rely less on carbon-emitting heating and cooling appliances than building construction of other material. Wood is also durable, since many products, particularly hardwoods have a service life of greater than 50 years, and often require little energy in maintenance [10] . Wood can also be recycled, which is important in terms of storing carbon through the life of a product and its transformation. Wood is inexpensive material. Forest is a wood factory which produces wood using only solar energy [11] . Timber is a widely available natural resource in many countries; with proper management, there is a potential for a continuous and sustainable supply of raw timber material in the future. Due to the low energy use and the low level of pollution associated with the manufacturing of timber structures, the environmental impact of timber structures is much smaller than for structures built using other building materials [9] . Timber is an advantageous building material. Its strength is high; the strength to weight ratio is even higher than for steel [3, 9] . However, timber is still not utilized to its full potential in the building and construction sector considering its beneficial properties. Attributes such as high performance in regard to reliability, serviceability and durability are generally not associated with timber as a building material. One of the main reasons for this is that timber is a highly complex material; it actually requires a significant amount of expertise to fully appreciate the potential of timber as a structural building material. Timber is defined as wood that is only used for engineering purposes. The vast use of timber in construction industry in Nigeria, especially for roof trusses, could be linked to its abundance all over the country. It is not only found in almost everywhere but also very cheap. It is one of the cheapest construction materials in the country [12] . In the past, stakeholders have constrained technical knowledge of the use of timber. This is as a result of the fact that technical building and engineering training/education has favored steel, concrete and masonry over the timber, as wood are often seen as an aesthetic material rather than engineering [13] . Recently, the interest in designing timber structures has steadily increased. The reason for this being an increased focus in society on sustainability and environmental aspects but also due to the positive effects of timber materials on the inner climate in residential buildings and excellent architectural possibilities [13] . Furthermore, timber has been found technically and economically competitive compared with steel and concrete as a building material for a broad range of building structures such as e.g. large span roof structures and residential buildings. In order to gain a better understanding of the reason for the special behavior of wood and timber material, it is helpful to start thinking about where the wood and the timber are 'produced'; in the stem of a tree [14] . In spite of the aforementioned advantages, unfortunately the strong hygric dependence of basically all mechanical properties renders many innovative ideas futile. In addition, time-dependent phenomena like long-term visco-elastic creep [15] [16] and mechano-sorption under changing environmental conditions [17] [18] [19] can accelerate degradation of stiffness and strength over the life-time of a structural wood component and result in the loss of capacity and consequently structural integrity even after being in use for decades. Therefore, the objectives of this paper are as follows:
i. To determination of the statistics of the reference material properties; density, modulus of elasticity and bending strength of Terminalia ivorensis (black afara) timber specie tested in the laboratory according to [20] ii. Fit the statistical properties in i above into various distribution models using Kolmogorov-Smirnov test in Easyfit statistical software package based on the hypothesis that each of Lognormal, Normal, Weibull, Gumbel and Frechet distribution could be used to model the reference material properties of timber. iii. Determine the appropriate [1] strength class of the Terminalia ivorensis timber.
Terminalia Ivorensis is a large deciduous forest tree ranging in height from 15 to 46m. It is branchless for up to 30m [21] . The tree is native to Cameroon, Cote D"voire, Ghana, Guinea Bissau, Liberia, Sierra Leone and Nigeria [22] . In Nigeria, Terminalia ivorensis is found in lowland rainfall zone. It is a specie that is widely distributed throughout the tropics [23] .
MATERIALS AND METHODS

Materials
The material used in this study is Terminalia ivorensis (Black afara) timber, obtained from the Sabon Gari Zaria timber market (Zaria timber sheds). This specie was chosen to reflect the current trends in wood usage of timber in Nigeria. Terminalia ivorensis is used extensively as timber for many structural applications especially for roof truss fabrication.
Methods
The following section provides explanations on the test procedures, methods and specifications adopted in carrying out testing of Terminalia ivorensis in the study.
Conditioning of the Timber Specimens
The Terminalia ivorensis timber specimen were prepared for the various test and delivered at the structures and material laboratory of the Department of Civil Engineering, Ahmadu Bello University, Zaria, on 10 th January, 2014. After the delivery at the laboratory, the timber was conditioned to (20±2) 0 C and (65±5) % relative humidity, prior to testing based on EN 384 (2004) specification. Testing commenced at the laboratory on 12 th April, 2015.
Determination of Density and Moisture
Content The test specimens for the density and moisture content tests were prepared as specified in EN 13183-1 (2002) . Forty specimens of dimension 40mm x 40mm x 70mm were prepared. The specimens were labelled A-1, A-2, A-3, A-4… A-40, for the density test, ρd and B-1, B-2, B-3, B-4… B-40, for moisture content. According to EN 13183-1 (2002), the bulk and the dry densities of the timber specimens were determined using equations 1.0 and 2.0 respectively. The moisture contents were determined using equation 3.
Where, ρb is bulk density in kg/m 3 , mu is the bulk mass in kg, V is the volume of sample in m 3 , ρd is the dry density in kg/m 3 and mo is the oven dry mass in kg.
The Bending Test
The determination of global modulus of elasticity of timber using four-point bending test, is based on the application of loading at the central third of the test piece. Local Modulus of Elasticity was first recommended in the previous edition of EN 408 [20] . This method for the determination of local modulus of elasticity do not give consistent and reliable results, because the determination of the MOE is based on measurement of a deflection over a relatively short span between the loading points. The deflections are small, often less than 1 mm. Hence the method is sensitive to measurement errors. Such errors can be caused by twisting of the timber during the test. The bending test setup used in this study to facilitate the determination of the global elastic modulus according to [20] is shown in Figure 1 .
The global modulus of elasticity and the bending strength are calculated using equations 4.0 and 5.0 respectively:
= max 2 (5) Figure 1 : Four-point bending test set-up [20] .
In (4) and (5), L is the centre to centre distance between supports in mm, b is the width of the specimen in mm, h is the depth of the specimen in mm, F2-F1 is the load increment (∆ ) of load in N. w2-w1 is the corresponding deformation increment (∆ ) in mm, a is the distance between any one support and the load that is closer to the support in mm, Fmax is the failure load, and W is the section modulus of the specimen in mm 3 .
RESULTS AND DISCUSSION
The laboratory test results for the moisture content, density, bending strength and modulus of elasticity are presented in Table 1 .0. The results were used as base line data for the determination of the uncertainty models of Terminalia Ivorensis timber. The uncertainty models (coefficient of variation and distribution models) as well as the strength classes are presented in the following sections.
Moisture Content of the Terminalia Ivorensis
The mean moisture contentment of the tested Terminalia ivorensis timber was found to be 17.93%
with standard deviation and coefficient of variation of 5.31% and 29.5% respectively. Design of timber structures according to Eurocode 5 is achieved in conjunction with the [1] solid timber strength class, where all timber species having the same density, strength and stiffness properties are brought together under the same strength class. The [1] timber strength classes are based on timber reference moisture content of 12%. This implies that, the 15.52% moisture content of the Terminalia ivorensis measure in this study is higher than the 12% reference moisture content.
Since the material properties of timber change with change in moisture content, the values of the material properties generated in the study will not agree with the values of strength, stiffness properties and density of timber given in [1] . In this research, the material properties of the Terminalia ivorensis were adjusted to 12% to conform to the standard. 
Density of Terminalia ivorensis
Modulus of Elasticity of Terminalia Ivorensis
The mean value and coefficient of variation of the modulus of elasticity of the tested Terminalia ivorensis timber are 16171.0N/mm 2 and 21% respectively. The test data was fitted to Normal, Lognormal, Gumbel, Frechet and Weibull distribution models. Based on the Normality test conducted, the normal distribution has 0 skewness and 0 excess kurtosis (kurtosis equal to 3) as expected. The Lognormal distribution is positively skewed with Skewness of -0.691 (moderately skewed) and excess kurtosis of 0.861 (platykurtic). The Gumbel maximum distribution is positively skewed with coefficients of skewness and excess kurtosis of 1.140 (highly skewed) and 2.40 (platykurtic) respectively. The Weibull distribution is negatively skewed to the left, with skewness values of -0.275 (approximately symmetric) and excess kurtosis of -0.096 (platykurtic). The Frechet distribution is positively skewed with coefficients of skewness and excess kurtosis of 3.695 (highly skewed) and 53.053 (Leptokurtic) respectively. The Kolmogorov smirnov (KS) test of goodness of fit results for modulus of elasticity of the Terminalia ivorensis is presented in Table 4 .0. As for the density and bending strength, the test was made at α = 0.1, 0.05, 0.02 and 0.01 levels of significance based on the hypothesis that, each of the five distribution models; Frechet, Gumbel maximum, Lognormal, Normal and Weibull distribution can be used to model the modulus of elasticity of Terminalia ivorensis. The critical values of the KS in Table 4 at all the considered level of significance are all greater than the KS statistics for all the distribution models (Frechet, Gumbel maximum, Lognormal, Normal and the Weibull distributions) considered in this study. Therefore, all the distribution can be considered as acceptable distribution models for modulus of elasticity of Terminalia ivorensis. However, looking at the Kolmogorov Smirnov (KS) statistics for all the five distributions, lognormal distribution has the least KS statistics, followed by Normal distribution, Gumbel maximum, Weibull distribution, and then Frechet distribution in increasing order of KS statistics. The distribution models were ranked with the distribution model having the least KS statistics KS statistics being ranked as 1. Based on the results obtained, the Lognormal distribution is also the best model for the modulus of elasticity of Terminalia ivorensis.
Uncertainty Models
The Eurocode 5 is a limit state design code in which the uncertainties in timber material properties and the applied loading are taken into account by the use of deterministic partial safety factors derived based on experience of building tradition. The best approach in accommodating uncertainties in structural design is to use reliability based design approach. To perform reliability based structural design considering either ultimate or serviceability limit states, there is need to generate the uncertainty models 9mean, standard deviation, coefficient of variation and distribution models) for each of the variables that defined the material properties and loading. The determined uncertainty models of the reference properties (density, bending strength and modulus of elasticity) of Terminalia ivorensis presented in sections 4.2 to 4.3 are presented in Table 5 .
Strength Class Allocation for the
Terminalia ivorensis
To use of a particular specie of timber in structures designed based on Eurocode 5, its strength class according to [1] strength classification system must be known. The use of strength classes is intended to simplify the specification of timber, by grouping species in predefined categories. The classification is made using the characteristic values of the reference material properties of timber (bending strength, bending stiffness and density (are taken from bending strength, bending stiffness and density). The allocation to a strength class is governed by the lowest strength class applicable to one of these properties. In this study, the classification was made by considering the limiting values of the reference material properties from [1] as shown in Table 6 . The measured values of theTerminalia ivorensis for bending strength, density and modulus of elasticity is as shown in Table 7 .
Comparing the results presented in Table 7 with the limiting values of the [1] reference material properties in table 6.0, it is clear that the mean value (336.38kg/m 3 ) of the density on Terminalia ivorensis fall within the D18 strength class. Also, the characteristic value of the bending strength (80.42N/mm 2 ) fall within D70 strength lass. Likewise, the mean value of elastic modulus (16.17kN/mm 2 ) fall within D18 strength class. However, since the D18 strength class is the least favourable, it implied that density and modulus of elasticity determined the strength class of Terminalia ivorensis. Therefore, the strength class of Terminalia ivorensis is D18.
CONCLUSION
In this paper, the uncertainty models (mean, coefficient of variation and probability distribution models) of the reference material properties (density, bending strength and modulus of elasticity) and the 
